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ABSTRACT
Background    The frequency and intensity of hot 
weather have increased. In Japan, there have been many 
studies of the relationship between ambulance transports 
owing to heat stroke (ATHS) and high air temperature 
in the summer season. However, there have been very 
few reports focusing on ATHS in spring. Therefore, we 
investigated the effect of the maximum air temperature 
on ATHS not only in summer but also in spring, to help 
with development of effective measures to prevent heat 
stroke.
Methods    We obtained daily ATHS and meteorolog-
ical data from April to September in 2017 in Tottori 
Prefecture. We used a time-stratified case-crossover 
method for data analysis.
Results    A total 382 cases of ATHS were identified 
from April to September in 2017 in Tottori. The num-
ber of cases was highest in July, followed by August 
and May. Maximum air temperature was significantly 
linked to ATHS. The risk of ATHS was increased 1.13 
times when maximum air temperature rose by 1°C. In 
summer, the risk on extremely hot days (maximum air 
temperature ≥ 35°C) increased by 5.55 times or more 
compared with that on days below 30 °C (< 30°C). The 
risk was approximately four times greater on hot days (≥ 
30°C and < 35°C) than that on relatively cooler days (< 
30°C) during the spring months of April through May.
Conclusion    Maximum air temperature was signifi-
cantly linked to ATHS. It is necessary to pay particular 
attention to heat stroke prevention not only on extremely 
hot days in summer but also on hot days in the spring.
Key words    ambulance transport; case-crossover study; 
heat stroke; maximum air temperature
The frequency and intensity of hot weather have 
increased.1 In Japan, there have been studies of the re-
lationship between ambulance transports owing to heat 
stroke (ATHS) and high air temperature in the summer 
season.2–8 These studies have reported a strong correla-
tion between ATHS and daily maximum temperature. 
According to the Japan Meteorological Agency,9 the an-
nual number of days with maximum temperatures of ≥ 
30°C (hot days) is highly likely to have increased and the 
number with maximum temperatures ≥ 35°C (extremely 
hot days) is virtually certain to have increased. “Extreme 
High Temperature Forecasts” are issued for prefectures 
where the maximum temperature for the day is expected 
to exceed 35°C, so that measures to prevent heat stroke 
can be adopted.10
 Most previous studies have focused on ATHS and 
high air temperatures in the summer.2–8 There have 
been very few reports focusing on heat stroke during the 
spring. The seasonal mean temperatures in spring have 
risen at rates of about 1.4ºC per century.9 It is necessary 
to expand the analysis during only summer months and 
include spring months, to develop effective preventive 
measures of heat stroke. In Tottori Prefecture in Japan, 
many cases of ATHS were observed in 2017. There were 
also a considerable number of such cases during spring 
months in Tottori. Therefore, we investigated the effect 
of maximum air temperature on ATHS not only during 
summer months but also during the spring in Tottori 
Prefecture.
 The time-stratified case-crossover design has been 
previously used to examine short-term exposures with 
acute outcomes.11–12 This design includes only cases 
and compares an individual’s exposure just prior to an 
event with exposure at a different time (referent) period. 
This method has been increasingly used to examine the 
short term effects of air pollution on cardiovascular and 
respiratory diseases as well as asthma events.13–14 This 
approach has also been used to investigate the effect 
of extreme heat exposure on risk of emergency room 
visits15 as well as injury risk among outdoor agricul-
tural workers.16 In Japan, however, the time-stratified 
case-crossover design has not been used to examine heat 
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stroke and climate factors. Therefore, we applied the 
time-stratified case-crossover method to investigate the 
effect of maximum air temperature on ATHS. 
MATERIALS AND METHODS
Study site 
The present study was conducted in Tottori Prefecture, 
which is located on the Japan Sea coast in the Chugoku 
region of southwest Japan. The prefecture covers 3507 
km2, and its population was 567,000 in 2017.17 Air 
temperatures are usually above 30°C during July and 
August. The coastline of Tottori Prefecture traditionally 
receives snowfall in winter.
Ambulance transport data
We obtained data of daily ATHS from April to 
September in 2017 from all 26 fire stations in Tottori 
Prefecture. These data were collected through the 
Department of Health and Welfare of the Tottori prefec-
tural government. Each case record includes information 
regarding age and sex, date and time of ambulance 
transport, as well as medical condition and initial 
diagnosis. The medical condition and initial diagnosis 
were determined by an emergency medical doctor upon 
the patient’s arrival at the hospital. Medical condition 
consists of five categories: mild, moderate, severe, dead, 
and other. The diagnosis of heat stroke was made by 
an emergency department physician, based on the first 
presentation of the patient in the emergency department. 
Ambulance transport data included individuals living 
outside of Tottori Prefecture, but these data were exclud-
ed from this study.
Meteorological data
Meteorological data regarding daily air temperature and 
relative humidity, hours of sunlight, precipitation, aver-
age wind speed, and “deviation” in Tottori Prefecture 
were provided by the Japan Meteorological Agency. 
Deviation is the difference between the maximum tem-
perature and the average maximum temperature over the 
past 30 years (1981–2010).18
 The meteorological observation sites were located 
in three districts of Tottori Prefecture, as follows: the 
Eastern district (Tottori City, Iwami Town, Yazu Town, 
Wakasa Town, and Chizu Town), Central district 
(Kurayoshi City, Hokuei Town, Misasa Town, Kotoura 
Town, and Yurihama Town), and Western district 
(Yonago City, Sakaiminato City, Daisen Town, Hoki 
Town, Nanbu Town, Kofu Town, Nichinan Town, Hino 
Town, and Hiezu Village). We used meteorological data 
of the nearest observation point corresponding to the 
location of each ambulance transport case.
Statistical analysis
We first performed descriptive analysis. Ambulance 
transport cases were further grouped by sex and age 
group: children (< 18 years), adults (≥ 18 years and < 65 
years), and elderly people (≥ 65 years). We calculated 
the number of ambulance transport cases per 1,000 
residents, using the estimated population of Tottori 
Prefecture on 1 October 2017, by sex and age group.17 
 Next, we analyzed the effect of maximum air tem-
perature on ATHS using the time-stratified case-crossover 
approach. The case-crossover design proposed by 
Maclure11 is useful for studying the effects of transient 
exposures on short-term risk of diseases or injuries when 
only data on cases are available. The crossover nature 
of this design allows each ambulance transport case to 
serve as its own control. Time-stratified referent selec-
tion is recommended, to ensure unbiased estimates from 
conditional logistic regression and to avoid bias resulting 
from time trend.12 We thus selected control periods from 
the same times on other days, on the same days of the 
week, and in the same months. We used conditional lo-
gistic regression to estimate odds ratios (ORs) and 95% 
confidence intervals (CIs) for the effect of maximum air 
temperature on ATHS. 
 Analyses were conducted using IBM SPSS version 
24.0 (IBM, Armonk, NY). 
Ethical approval




Table 1 shows the number of ATHS cases by sex, age 
group, and month. In total, 382 cases were identified 
from April to September in 2017 in Tottori Prefecture. 
According to age group, 63 cases involved children (< 
18 years), 80 patients were adults (≥ 18 years and < 65 
years), and 239 were elderly people (≥ 65 years). The 
highest number of cases was in July, followed by August 
and May. Table 1 also shows the number of ATHS cases 
per 1,000 residents, by age group. The number of cases 
per 1,000 residents was highest among elderly residents, 
followed by children and adults. In the adult age group, 
the number of cases per 1,000 residents among male 
patients was three times greater than that among female 
patients.
Meteorological results
Table 2 shows a summary of the daily maximum air 
temperatures in the three districts of Tottori Prefecture 
for the study period. Mean daily maximum air tem-
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Table 1. Number of ambulance transport cases owing to heat stroke, by sex, age group, and month
Apr May Jun Jul Aug Sep Total Case/1,000
Male
Children (< 18) 1 3 0 10 13 4 31 0.689 
Adults (18–64) 1 3 3 29 22 2 60 0.400 
Elderlies (≥ 65) 4 4 6 60 47 4 125 1.726 
Total 6 10 9 99 82 10 216 0.800 
Female
Children (< 18) 1 2 2 20 7 0 32 0.743 
Adults (18–64) 0 4 0 9 7 0 20 0.134 
Elderlies (≥ 65) 1 14 10 53 36 0 114 1.127 
Total 2 20 12 82 50 0 166 0.562
Table 2. Summary of daily maximum air temperature in three districts of Tottori Prefecture during the study period 













April 20.1 1.4 30.0 13.4 1 0
May 25.4 2.1 31.6 18.5 4 0
June 27.0 0.4 31.7 22.0 4 0
July 32.8 2.4 37.2 26.0 28 6
August 32.6 0.4 37.8 26.3 26 7
September 27.2 –0.2 30.3 20.1 1 0
April–September 27.6 1.1 37.8 13.4 64 13
Central district 
April 18.8 1.4 30.1 11.3 1 0
May 23.8 1.7 28.7 17.3 0 0
June 24.3 –0.9 30.9 19.8 1 0
July 30.7 1.8 34.6 24.5 18 0
August 30.4 0.1 34.7 26.0 15 0
September 25.5 –0.8 27.9 19.8 0 0
April–September 25.6 0.6 34.7 11.3 35 0
Western district 
April 19.8 1.7 29.8 12.9 0 0
May 25.3 2.7 31.9 19.0 2 0
June 25.8 0.2 32.6 21.6 2 0
July 32.3 2.6 35.9 26.8 27 6
August 32.1 0.8 37.8 27.0 25 6
September 26.8 0.1 30.0 21.6 1 0
April–September 27.1 1.4 37.8 12.9 57 12
“Hot day”: A day on which the temperature rises above 30°C
“Extremely hot day”: A day on which the temperature rises above 35°C
peratures were usually highest in July, followed by 
August and September. The monthly average maximum 
temperature in Yonago City exceeded the average in 
all months; in May and July, this exceeded the average 
yearly temperature. From April to September in 2017, 
64 hot days and 13 extremely hot days were observed in 
Tottori City, 64 hot days and no extremely hot days in 
Kurayoshi City, and 57 hot days and 12 extremely hot 
days in Yonago City. 
 The mean daily relative humidity was 63% (32%–
80%) in April to May and 74% (54%–93%) in June to 
September.
Case-crossover analysis results
We investigated the relationship between ATHS and 
climate factors such as the maximum air temperature, 
relative humidity, hours of sunlight, precipitation, and 
average wind speed. Only the maximum air temperature 
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Table 3. Effect of various meteorological factors on ambulance transports owing to heat stroke
Meteorological data Odds ratios
95% confidence intervals P
Lower Upper
Maximum air temperature 1.13 1.05 1.20 < 0.001 
Relative humidity 1.01 0.97 1.05 0.823 
Hours of sunlight 1.05 0.98 1.13 0.135 
Precipitation 0.99 0.98 1.01 0.513 
Mean wind speed 1.12 0.79 1.59 0.522 
Table 4. Comparison of odds ratio for each maximum air temperature
Maximum air temperature Odds ratios
95% confidence intervals P
Lower Upper
< 30℃ 1.00 – – –
30℃ ≤ t < 31℃ 2.55 1.50 4.32 0.001 
31℃ ≤ t < 32℃ 2.79 1.72 4.52 < 0.001
32℃ ≤ t < 33℃ 3.16 1.80 5.57 < 0.001
33℃ ≤ t < 34℃ 4.11 2.42 6.99 < 0.001
34℃ ≤ t < 35℃ 4.58 2.75 7.65 < 0.001
35℃ ≤ t < 36℃ 5.55 3.16 9.77 < 0.001
36℃ ≤ t < 37℃ 8.64 4.49 16.66 < 0.001
37℃ ≤ 17.26 7.68 38.77 < 0.001
Table 5. Effect of maximum air temperature on ambulance transports owing to heat stroke, by season and age group
Season Age group Maximum air temperature Odds ratios
95% confidence intervals P
Lower Upper
Spring (Apr–May) Elderlies (65 ≤) 30°C ≤ 3.96 1.35 11.63 0.012 
Others (< 65) 30°C ≤ 3.87 1.38 10.86 0.010 
Summer (Jun–Sep) Elderlies (65 ≤) 30°C ≤ 1.87 1.27 2.77 0.002 
Others (< 65) 30°C ≤ 1.89 1.16 3.07 0.011 
Spring (Apr–May) Elderlies (65 ≤) 35°C ≤ – – – –
Others (< 65) 35°C ≤ – – – –
Summer (Jun–Sep) Elderlies (65 ≤) 35°C ≤ 2.28 1.70 3.07 < 0.001
Others (< 65) 35°C ≤ 1.98 1.34 2.93 0.001 
was significantly related to ATHS (Table 3). As maxi-
mum air temperature rose by 1°C, the OR increased 1.13 
times. In addition, we attempted analysis based on the 
difference of the maximum temperature the day before, 
but no significant correlation was obtained.
 We investigated the risk of ATHS on days when the 
maximum air temperature was over 30°C. Table 4 shows 
that the OR of ATHS increases with each 1°C increase 
compared to when the temperature is less than 30°C. 
When comparing maximum air temperatures to < 30°C, 
the OR was 2.55 at ≥ 30°C and 5.55 at ≥ 35°C with a rec-
tilinear change. However, the OR dramatically increased 
to 8.64 and 17.26 at ≥ 36°C and ≥ 37°C, respectively.
 Table 5 shows the effects of maximum air tem-
perature on ATHS by season and age group. The study 
period was classified into the spring season (from April 
to May) and summer season (from June to September). 
ORs among elderly people and other age groups were 
3.96 and 3.87 on hot days (maximum air temperature 
≥ 30°C and < 35°C), respectively, compared with other 
days from April to May. However, these ORs were 
1.87 and 1.89, respectively, on days with maximum air 
temperature ≥ 30°C during spring months from June 
to September. ORs among elderly people and other age 
groups were 2.28 and 1.98, respectively, on extremely 
hot days compared with other days in summer.
 The symptoms of patients transported by ambulance 
because of heat stroke ranged from mild to severe. Mild 
symptoms included general fatigue and headaches rather 
than symptoms of heat stroke. Therefore, we performed 
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a similar analysis, but excluding mild cases; the results 
were the same as in the analysis including mild cases.
DISCUSSION 
The results of our analysis indicated that elderly people 
in Tottori Prefecture were the most frequently trans-
ported by ambulance owing to heat stroke, followed by 
children; the fewest ATHS cases were among adults. 
These findings are consistent with those of previous 
studies.8, 19–21 Children and elderly adults are particularly 
vulnerable to heat stress, and we found an elevated 
number of ATHS cases involving these populations. One 
reason for increased vulnerability to heat among elderly 
people is their reduced heat dissipation capacity as a re-
sult of decreased skin blood flow, decreased sweat gland 
function, depletion of body fluids, and decreased cardiac 
output.22 Physical function development in children is 
immature, making them more susceptible to heat stress.8 
In the adult age group, the number of male cases per 
1,000 residents was three times greater than the number 
of female cases. This pattern may be tied to the fact that 
men engage in more outdoor activities than females, 
even on days with high temperatures.23 
 Case-crossover analysis in the present study indicat-
ed that the number of ATHS cases rose in accordance 
with increases in daily maximum temperature. This 
result is in agreement with those of previous studies. 
The risk of ATHS increased by 1.13 times (13% in-
crease) for each 1°C increase in temperature. In a study 
conducted in the Kanto area of Japan,6 the risk of ATHS 
was increased by 1.09–1.49 times for each 1°C rise in 
temperature. A report in Toronto, Canada indicated that 
emergency calls increased by 20% as the mean daily 
maximum temperature increased by 1°C.24 These results 
were similar to our study findings. 
 Currently, “Extreme High Temperature Forecasts” 
are issued in Japanese prefectures where the maximum 
temperature for the day is expected to exceed 35°C (ex-
tremely hot days).10 In our study, the risk of ATHS was 
increased by 5.55 times on extremely hot days compared 
with other days. The annual number of extremely hot 
days has greatly increased since about the mid-1990s.10 
Accordingly, there is concern about an increase in the 
occurrence of heat stroke. In addition, it was found that 
the risk of heat stroke increases dramatically when the 
maximum temperature was 36°C or above. In the near 
future, more serious warning information should be 
provided for high air temperatures that exceed average 
body temperature (37°C).
 In this study, we also found that the heat stroke risk 
was approximately four times greater on hot days than 
that on other days during spring months from April 
to May. In the abovementioned Kanto study,6 most 
ATHS cases occurred in August, in tandem with peak 
temperatures, and the increased risk of ATHS began as 
early as June. Our findings indicate that heat-related risk 
increases begin as early as the months of April and May 
in Tottori Prefecture. Recently, the annual number of hot 
days in the spring has tended to increase.9 It is necessary 
to pay particular attention to heat stroke prevention, even 
in the spring season.
 We investigated the effect of maximum air tem-
perature on ATHS from April to September in Tottori 
Prefecture, Japan using a time-stratified case-crossover 
approach. We found that maximum air temperature 
was significantly linked to ATHS. The risk of ATHS 
increased 5.55 times on extremely hot days, compared 
with other days from April to September. This risk was 
approximately four times greater on hot days than that 
on other days during the spring, from April to May. 
Particular attention is needed to prevent heat stroke not 
only on extremely hot days in the summer but also on 
hot days during the spring season.
Study limitations
This study has several limitations. First, because the 
meteorological data were collected at representative 
observation points in the three districts, the actual tem-
peratures might not be reflected for each individual case. 
Second, there is a limitation owing to ambulance trans-
port data. Selection of heat stroke cases in this study 
relied on the first diagnosis by a clinician upon initial 
presentation. These early diagnoses may have eventually 
changed in some cases. We did not include cases with 
heat-related diseases who did not use an ambulance; 
however, the use of ambulance transport as an indicator 
of health effects, other than mortality, during heat epi-
sodes is important, to achieve a wider view of the effects 
of biometeorological discomfort on human health, and 
this information may be suitable for establishing real-
time surveillance systems.25 Third, we analyzed daily 
ATHS and meteorological data during 2017 in Tottori 
Prefecture. The results may not be generalized to other 
geographical regions. Further study is needed to inves-
tigate the relationship between heat stroke and climate 
factors in various regions over several years.
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